Solving the 3D Stokes System
on a Variable Resolution Mesh

Todd Ringler
Theoretical Divison

Climate, Ocean, and Sea Ice Modeling Project I,_//_ Office of

“<Los Alamos http://public.lanl.gov/ringler/ringler.html r\r% Science

AAAAAAAAAAAAAAAAAA

—  EST.1943 ———— LS.



http://public.lanl.gov/ringler/ringler.html
http://public.lanl.gov/ringler/ringler.html

The goal of this effort is to design, develop
and implement a robust model of ice sheet
dynamics applicable to climate change science.
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The goal of this effort is to design, develop
and implement a robust model of ice sheet
dynamics applicable to climate change science.

1. We don' rule out other applications, such as longer
time-scale phenomena or glacier modeling, but our
criterion for success is clear.

2. We dont rule out the possibility of adopting another
model as a starting point.

3. The majority of this effort is being undertaken in the
university setting, so student training is a significant
aspect of the project.
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The project setting ..

This is an Office of Science project fo develop new, variable-
resolution meshing technologies and new algorithms to put on top of those
meshes for application to ocean and ice sheet systems.
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meshes for application to ocean and ice sheet systems.
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Why did we choose ice sheets?

1) Probably no other “component” of the climate
system is as amenable to variable resolution
modeling as ice sheets, i.e. if we cant succeed here
we wont succeed elsewhere.
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Why did we choose ice sheets?

1) Probably no other “component” of the climate
system is as amenable to variable resolution
modeling as ice sheets, i.e. if we cant succeed here
we wont succeed elsewhere.

2) Aligns nicely with our sKkill set.

3) Aligns nicely with LANL COSIM mission space.
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Why did we choose the Stokes system?

1) While the Stokes system is significantly more
expensive (in terms of flops) than other reduced-
order systems, we dont see the expense as
prohibitive (i.e. if these are the most valid equations

and we have the resources to use them, then we
should.
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Why did we choose the Stokes system?

1) While the Stokes system is significantly more
expensive (in terms of flops) than other reduced-
order systems, we dont see the expense as
prohibitive (i.e. if these are the most valid equations
and we have the resources to use them, then we

should.

2) From a policy-makers perspective, the stakes are
too high to choose otherwise.

3) We think we can formulate the system so that we
can recover reduced-order systems if we needed.
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What is our process?
Two fracks: model develop and mesh generation

3. Iterate
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What is our process?
Two fracks: model develop and mesh generation

Model Development

1. Develop model requirements

2. Engage community (e.g. this talk)
3. Iterate

4. Prototype and test

5. Construct full-up model
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Model Requirements

Ice Sheet Modeling: We have a working document ...
Governing Equations, and would be excited to engage others
Requirements and Methods to further define its contents.
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Model Requirements

Ice Sheet Modeling: We have a working document ...
Governing Equations, and would be excited to engage others
Requirements and Methods to further define its contents.

1. What equations do we want to solve?
2. Physical system requirements

3. Computational system requirements
4. Modeling system requirements

5. Proposed interfaces

cccccc “/Los Alamos

AAAAAAAAAAAAAAAAAA



Offi f 3 y - :
O rent LANL Workshop: Building a next-generation community ice sheet model Lo Alamos

NATIONAL LABORATORY
EST.1943

U.S. DEPARTMENT OF ENERGY



Model Requirements: Physical Requirements

Conservation of mass and internal energy:
If non-conservative methods are used, we can
tolerate errors on the order of 1 mm/m”~2 in mass
and 0.001 K/m”3 in temperature per 100 years of
model simulation.
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Model Requirements: Modeling Requirements

FORTRAN95, MPI and OpenMP.
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Still unresolved questions ...

We are still not sure that neglecting the fime-tendency
terms in the Stokes system is valid for the phenomena we
wish to (potentially) simulate.
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Still unresolved questions ...

We are still not sure that neglecting the fime-tendency
terms in the Stokes system is valid for the phenomena we
wish to (potentially) simulate.

We are still unclear as to the best choice for our vertical
coordinate for the Stoke system (stacked or 3D unstructured).
Is a fully unstructured formulation such a radical notion?
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Where does "Model Develop” effort stand?

1) We have a draft requirements document.

2) We have identified a plausible method.

3) We are conducting analysis of the method
to better insure it meetfs our requirements.
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Mesh Generation

Ice sheets offer a superb opportunity to

employ variable resolutions mesh for two reasons:
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Mesh Generation

Ice sheets offer a superb opportunity to
employ variable resolutions mesh for two reasons:

1) There exists a large range in scales of motion,
from 100 km in interior to ~1 Km in streams.
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Mesh Generation
Ice sheets offer a superb opportunity to
employ variable resolutions mesh for two reasons:

1) There exists a large range in scales of motion,
from 100 km in interior to ~1 Km in streams.

2) These disparate scales of motion are relatively
stationary on the time-scale of decades.
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Mesh Generation

Can we develop a meshing technique with the following properties?

1) Puts degrees of freedom where they are most needed.

2) Has some guarantees related to mesh quality.

3) Is accessible to the ice sheet modeling community.

4) Leads to a better simulation.
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Spherical Centroidal Voronoi Tessellations (SCVT)
have the potential to meet these requirments.

: . Voronoi Diagram (colored)
For more information ... and the dual Delaunay triangulation

http://public.lanl.gov/ringler/talks.html
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Spherical Centroidal Voronoi Tessellations (SCVT)
have the potential to meet these requirments.

SCVTs and their close relatives
have already been successfully
used in climate system modeling.

To date, the primary motivation for
their use has been the mesh
uniformity when tiling the sphere.

I think their potential goes well
beyond the ability to produce a
globally uniform mesh.

: . Voronoi Diagram (colored)
For more information ... and the dual Delaunay triangulation

http://public.lanl.gov/ringler/talks.html
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SCVT by example ...

loglO (sfc velocity)
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from Bamber
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SCVT by example ...

loglO (sfc velocity)

Much of the ice sheet is quiescent.

The real action is in and around
the ice stream zones that are
clearly defined in the data set.

Can we create a high-quality
mesh with 71 km resolution in the
iIce stream zones and ~50 km
resolution in quiescent regions?

from Bamber
via Price
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SCVT ... how it works
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SCVT ... how it works

Provide a data set that describes loglO (sfc velocity)

how resolution should vary in space,
e.g. this 2.5 km map of velocity.
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SCVT ... how it works

Provide a data set that describes loglO (sfc velocity)
how resolution should vary in space, ~
e.g. this 2.5 km map of velocity.

Provide an estimate of how you
would like the resolution to vary,
e.g. 1 km in ice streams ...

We produce a piecewise linear
representation of the boundary of
Greenland.

We produce a proxy density function
(high density == high resolution)
based on data set.

Build mesh. (start-to-finish is ~hours). from Bamber -

via Price
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Results
loglO (cell area) loglO (sfc velocity)
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Results

loglO (cell area)

resolution
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A look at the meshes ...
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Likely customer

LANL Workshop: Building a next-generation community ice sheet model

scenario ...
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Likely customer scenario ...
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Likely customer scenario ...
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Likely customer scenario
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Hey, this mesh looks great ...

... but my model (i.e. method)
cant handle the rapid transitions
in grid resolution..
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We can guarantee an even
smoother grid by either
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The potential computational savings is significant.
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The potential computational savings is significant.
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The potential computational savings is significant.
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Where does "Mesh Generation” effort stand?

1) We have meshes to begin the discussion.
2) Our mesh generation is ahead of our model.

3) We are looking for a small set of users to
collaborate with.

cience
ssssssssss

AAAAAAAAAAAAAAAAAA



Offi f 3 y - :
O rent LANL Workshop: Building a next-generation community ice sheet model Lo Alamos

NATIONAL LABORATORY
EST.1943

U.S. DEPARTMENT OF ENERGY



In summary, our approach is the following:

1) Use the Stokes system because:
a) It is our most valid representation of the dynamics.
b) The stakes are too high to choose otherwise.
c) We think we can do it in a computational tractable way.
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In summary, our approach is the following:

1) Use the Stokes system because:
a) It is our most valid representation of the dynamics.
b) The stakes are too high to choose otherwise.
c) We think we can do it in a computational tractable way.

2) Mitigate the cost of solving the Stokes system by:
a) Developing a variable resolution mesh technology.
b) Developing numerical methods that thrive on such meshes.
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We are early in this effort ...

We welcome comments, suggestions and,
in particular, constructive criticisms.

AAAAAAAAAAAAAAAAAA



We are early in this effort ...

We welcome comments, suggestions and,
in particular, constructive criticisms.

We welcome ideas on how tfo infegrate and align
this effort into the broader community activities.
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